A molecular docking analysis has been carried out using monoterpene and sesquiterpene hydrocarbons and triterpenoids that have shown enzyme inhibitory activity as ligands for the cysteine protease cruzain. The binding energies of the docked ligands roughly correlate with their inhibitory activities. The orientations of the docked ligands are consistent with a mechanism whereby these hydrophobic compounds dock into a hydrophobic pocket near the active site, thereby blocking binding of the protein target to the protease.
American trypanosomiasis or Chagas disease, endemic to tropical and subtropical America, is caused by the parasitic protozoan Trypanosoma cruzi. The cysteine protease cruzain is expressed in all life stages of the T. cruzi and plays an essential role in penetration of host cells and replication, and thus has been identified as a potential biochemical target to control this parasite [1] . We have identified a number of terpenoids that show moderate inhibitory activity of this enzyme, including the sesquiterpenes β-caryophyllene (1), α-copaene (2), germacrene D (3), α-humulene (4) [2] , and zingiberene (5) [3] , and the triterpenoids lupeol (6) [4] and 29-hydroxyfriedelan-3-on-28-al (7) [5] . This work presents a molecular docking analysis of different terpenoid natural products with cruzain in order to provide insight into the nature and location of the binding of these materials to the protein -why these lipophilic non-peptide natural products inhibit this proteolytic enzyme. Figure 1) [6] . The crystal structure of cruzain complexed with a reversible hydroxymethyl ketone (PDB: 1ME3) [7] was used as a template for the docking studies. The coordinates of the protein were used to dock the terpenoid compounds into the binding site using the ArgusLab 4 program [8] . The sesquiterpenes β-caryophyllene (1), α-copaene (2), germacrene D (3), α-humulene (4), and α-zingiberene (5); the triterpenoids lupeol (6) and 29-hydroxyfriedelan-3-on-28-al (7) ; the less active [2] monoterpenes camphene (8) , p-cymene (9), limonene (10), myrcene (11), α-pinene (12), and β-pinene (13); and the relatively inactive 1,8-cineole (14) and eugenol (15), were used as ligands for docking with cruzain. Docking of the terpenoid ligands (the lowest energy poses) occurs at the hydrophobic region that makes up the recognition site of the cruzain surface ( Figure  2 ). The binding of these hydrophobic terpenoids into the hydrophobic pocket on the surface of the cruzain accounts for the observed inhibition of this enzyme by these materials. In addition, there is very good correlation between the binding energies of the ligands with the enzyme and the cruzain inhibitory activity (Figure 3) . Thus, the sesquiterpene hydrocarbons have shown relatively strong inhibition (IC 50 ~5-20 μg/mL) and have binding energies of around -9 kcal/mol. The triterpenes have lower activities (IC 50 = 41 and 71 μg/mL, respectively, for 6 and 7) and have binding energies of -9 and -8 kcal/mol). This large sizes of the triterpenoids compared to the sesquiterpenoids apparently lowers the binding affinity. The monoterpene hydrocarbons 8-13 have shown lower inhibitory activity and have correspondingly lower binding energies, presumably due to the smaller sizes of these compounds. While these molecular docking studies explain the enzyme inhibitory activities of the terpenoid hydrocarbons, these materials are not as active as synthetic peptide analogs such as 16 [9] and 17 [10] , which have IC 50 values in the nanomolar range. The results do suggest, however, that relatively common terpenoids acting as cysteine protease inhibitors may serve to protect plants from pathogenic fungi [11], bacteria [12], viruses [13] , pathogenic mites [14] , and herbivorous insects [15], all of which utilize papainfamily cysteine proteases in order to infect plant tissues. The enhanced activities of the synthetic peptide analogs 16 and 17 compared to the terpenoid natural products is due to the fact that the terpenoids bind only to the hydrophobic pocket of the recognition site through hydrophobic interactions, whereas 16 and 17 bind not only to the hydrophobic recognition site (the phenyl group of the phenylalanine), but also hydrogen bond in the vicinity of the catalytic site [7] . Windows [16] and geometries optimized using the MMFF 94 force field [17] . Protein-ligand docking studies were carried out based on the crystal structure (1ME3) of cruzain with a hydroxyketone inhibitor [7] . All solvent molecules and the co-crystallized inhibitor were removed from the structure. Molecular docking calculations for all compounds at the active site of cruzain were undertaken using ArgusLab 4.0.1 [8] . A box of 20.3 × 16.4 × 22.2 Å was centered around the binding site in order to allow each ligand to search. Different orientations of the ligands were searched and ranked based on their energy scores. As a check of docking accuracy, a comparison was carried out using Molegro Virtual Docker 2.3 [18], with a sphere of radius 15 Å centered on the binding site.
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